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(54) High specific gravity material. 

@ A high specific gravity composition suitable for use as a lead-substitute, especially for firearms 
ammunition and angling weights, comprises :- 

(i) a polymer matrix comprising : 

(a) at least one rigid thermoplastic polymer component, e.g. polypropylene, polystyrene, etc. and 

(b) at least one elastomeric thermoplastic polymer component, e.g. various polystyrene-based 
copolymers ; and 

(ii) dispersed in the polymer matrix particles of a high specific gravity weight material having a density 
and present in an amount such that the composition has a specific gravity of greater than one, 
preferably a specific gravity in the range 8 to 12. 

The high specific gravity weight material is preferably tungsten powder. 
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This invention relates to materials having a high specific gravity, such as are used in practical applications 
where conventionally high specific gravity materials such as lead have been used. The invention relates par- 
ticularly, though not exclusively, to high specific gravity material for use in the manufacture of high density 
products such as projectiles for firearms and weights for use in angling and other sports. The present invention 

5 also relates to such items formed from the material and to a process for the manufacture of such items. 

In many practical applications where a material of high specif ic gravity is required, one of the most common 
materials used for this purpose is the metal lead, which as well as having one of the highest specific gravities 
of readily available common materials, also has a variety of other physical properties which makes it attractive 
for particular end uses, among the most hitherto common of these being as (or as a constituent of) projectiles 

w for firearms (e.g. lead shot or copper sheathed lead bullets) and as angling weights for use in counteracting 
the windage and buoyancy of fishing lines. Lead also has good chemical stability and is relatively easy to man- 
ufacture into end product forms such as those mentioned above. 

An ideal projectile material for example should have a high specific gravity in order to maintain velocity 
during flight and thereby maximise range. It should be sufficiently hard to fragmentalise "clay pigeon" targets 

is on impact and to cleanly kill game, but it should also be soft enough to avoid damaging the interior surfaces 
of gun and rifle barrels and woodworking machinery that might subsequently encounter gunshot embedded 
in timber. Furthermore, it should not be so brittle as to disintegrate upon impact with hard targets, but instead 
should exhibit a degree of cohesive plastic yield, thereby minimising the risk of target contamination and of 
ricochet from solid objects in the field of fire. Advantageously, an ideal projectile material is also resilient 

20 enough to reduce recoil of the firearm from which it is discharged. 

Nowadays, with increasing public awareness of environmental friendliness and prevention of pollution, as 
well as minimising health risks to animals and humans alike, ideal projectile materials should be non-toxic, 
biodegradable and recyclable. These latter properties are even more desirable of materials used for angling 
weights, since not only in this field is there greater human contact with the materials in question, but there are 

25 also greater pollution and health risks to animals and the environment. Toxic firearms ammunition, particularly 
on shooting ranges, also necessitates frequent and expensive cleaning out of target surfaces, with which come 
similar health hazards to humans involved in that operation. 

For many years lead or lead alloys have generally been accepted as being "ideal" high specific gravity 
materials for applications such as those mentioned above, by reason of their particularly good balance of phys- 

30 ical properties and ability to be easily converted into small, spherical shot. However, lead and its chemical der- 
ivatives have long been recognised as being toxic and the use of lead in many sporting applications is being 
progressively banned throughout the world. 

Iron, steel, nickel, bismuth and a variety of other metals and their alloys have been suggested as bases 
for alternative materials, often in combination with various binders, but although some of these alternative ma- 

35 terials may have suitable specific gravities for satisfactory use as lead substitutes, they have serious disad- 
vantages in respect of other physical properties, notably their vulnerability to chemical attack, in some cases 
insufficient non-toxicity, and in many cases too high hardness and brittleness for acceptable applicability to 
use as shot for firearms and for use in split form for attachment to fishing lines. 

The primary object of the present invention therefore is to provide a high specific gravity material which 

40 has all the beneficial physical properties of lead or lead alloys in applications such as those mentioned above, 
yet does not suffer from the abovementioned problems associated with these known weight materials. 
Accordingly, in a first aspect the present invention provides a composition comprising: 

(i) a polymer matrix comprising 

(a) at least one rigid thermoplastic polymer component, and 
45 (b) at least one elastomeric thermoplastic polymer component; and 

(ii) dispersed in the polymer matrix particles of a high specific gravity weight material having a density 
and present in an amount such that the composition has a specific gravity of greater than one, preferably 
greater than four. 

In a second aspect, the invention provides a method of making a composition having a specific gravity of 
so greater than one, preferably greater than four, the method comprising: 

(a) preparing a polymer matrix comprising 

(i) at least one rigid thermoplastic polymer component, and 

(ii) at least one elastomeric thermoplastic polymer component; and 

(b) dispersing in the polymer matrix particles of a high specific gravity weight material having a density 
55 and in an amount such that the composition has the said specific gravity of greater than one. 

The composition thus prepared is preferably then subjected to a moulding process, by which discrete bod- 
ies of the composition are formed, such as are suitable for end uses such as ammunition forf irearms, or angling 
weights. 
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Accordingly, in a preferred practical embodiment of the above method, the process further includes the 
steps of: 

(c) forming a sheet or web of the thus prepared composition; 

(d) passing the sheet or web between a pair of contra-rotating rollers, the surface of at least one of which 
5 has a plurality of recesses formed therein, whereby the sheet of composition conforms to the surface pro- 
file of said at least one roller; and 

(e) separating from the sheet the thus formed plurality of bodies of composition conformed to the shape 
of said recesses in said at least one roller. 

In particularly preferred embodiments, the surfaces of both rollers have formed therein corresponding ap- 
w propriateiy shaped recesses, such that the bodies of composition formed between the surfaces of the rollers 
are of the desired overall shape, for example spherical or near-spherical, such as can be used as or in ammu- 
nition for firearms or as angling weights, for example. 

In an alternative preferred practial embodiment, the above process steps (a) and (b) are followed by the 
steps of: 

15 (f) feeding an amount of the thus prepared composition to a moulding apparatus, particularly an injection 

moulding or compression moulding apparatus; and 
(g) forming discrete bodies of said composition by moulding. 

The above alternative preferred method is particularly applicable to the formation of typically non-spherical 
bodies from the said composition, e.g. bullets for firearms, unusually shaped angling weights, etc. 
20 In a third aspect, the invention provides the use of the high density composition of the first aspect of the 

invention as a lead-substitute material, such as in (or as a component of) ammunition for firearms and angling 
weights. 

The present invention, and preferred embodiments of the various aspects thereof, will now be described 
in detail. 

25 The essence of the present invention lies in the combination of the high specific gravity weight material, 
which is primarily responsible forgiving the composition its required high density, with a special multi-compo- 
nent polymer matrix physically compatible therewith and which provides the composition with its desirable bal- 
ance of physical properties, notably hardness and strength together with a degree of softness and plasticity. 
By use of this combination of components in the composition of the invention, it is possible to select those ma- 

30 teriais which are individually non-toxic, biodegradable and recyclable to a desired extent, but which in combin- 
ation give a high density composition which exhibits most, if not all, the desirable physical characteristics of 
lead or lead alloys. 

The polymer matrix of the composition of this invention comprises at least one rigid thermoplastic polymer 
component and at least one elastomeric thermoplastic polymer component. 

35 As used herein, the term "rigid thermoplastic polymer" means a thermoplastic polymer which at ambient 
temperatures is below its first order, and preferably below its second order, transition temperature. In other 
words, this material is one which at ambient temperatures is a solid having an amorphous, or more preferably 
a crystalline, structure. It is this component of the polymer matrix which is primarily responsible for the hard- 
ness and strength characteristics of the final composition. 

40 Suitable polymers for use in the invention as the rigid thermoplastic polymer component include polypro- 

pylene, polystyrene, polyethylene, polyvinylchloride, acryionitrile-butadiene-styrene copolymer, and blends 
thereof. Polypropylene and polystyrene are particularly preferred. There are many examples of these "rigid" 
polymers suitable for use in the invention which are available commercially. Homopolymers are preferred, al- 
though copolymers (both random and block copolymers, especially with polyethylene) of any of the aforemen- 

45 tioned polymeric species are possible and may be used to give improved impact resistance and to reduce the 
onset of brittleness at low ambient temperatures. Selection of an optimum polymer may depend upon the exact 
physical properties required of it, which may depend to at least some extent on the amount of it to be incorpo- 
rated in the polymer matrix and the relative physical properties of the elastomeric polymer component and 
possibly any other components of the composition which are present, including the high specific gravity weight 

so material dispersed therein. 

Preferably the rigid thermoplastic polymer component should be fusible, in order that they may be readily 
blended with the other polymer component or components of the composition and with the high specific gravity 
weight material to be dispersed therewithin. Preferably the rigid thermoplastic polymer component of the matrix 
has a first order (and preferably also a second order) glass transition temperature of less than about 250°C. 

55 This temperature represents the preferred maximum melting point of the rigid thermoplastic polymer compo- 
nent of the matrix. 

As used herein, the term "elastomeric thermoplastic polymer" means a thermoplastic polymer which at am- 
bient temperatures exhibits a suitable degree of resilience and/or softness such that those properties of the 
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final polymer matrix are increased compared with those physical properties of the rigid thermoplastic polymer 
component alone. 

Preferred elastomeric thermoplastic polymers for use in the polymer matrix are block copolymers com- 
prising at least one amorphous elastomeric unit species. Examples of block copolymers of this type include 
5 polystyrene-polyethylene/polybutylene block copolymer, polystyrene-butadiene block copolymer and polystyr- 
ene-polyisoprene block copolymer. 

Polymers of this type are commercially available, for example as the KRATON (trade mark) series of poly- 
mers from Shell chemical Company (for example the KRATON D and KRATON G ranges of polymers) and the 
EVOPRENE (trade mark) series of polymers (e.g. EVOPRENE G and SUPER G) from Evode Plastics Limited. 
10 It is the elastomeric nature of this second thermoplastic polymer component of the matrix of the compo- 
sition which is primarily responsible for the softness and/or resilience physical properties of the final compo- 
sition. 

Depending upon the composition of the above block copolymer species, the elastomeric thermoplastic 
polymer component of the matrix may be chemically saturated or unsaturated. For example, polys tyrene-poly- 

15 ethylene/polybutylene block copolymer is a saturated species and is therefore much more resistant to atmos- 
pheric oxidation. On the other hand, the corresponding block copolymer comprising polybutadiene or polyiso- 
prene units is ethylenically unsaturated, and is therefore more susceptible to atmospheric oxidation. These 
properties can be important in designing the polymer matrix for particular desired uses of the composition. For 
instance, in the context of shot for firearms, where the material is designed for use on shooting ranges, where 

20 recyclabiiity is preferred, the saturated block copolymer species may be preferred, so that the composition un- 
dergoes less oxidative degradation over time. In contrast, where the material is designed for use as shot for 
shooting game, the unsaturated species may be preferred, so that shot which is not reciaimable from the animal 
itself degrades with time, so that ultimately pollution and environmental contamination is reduced. Likewise, 
where the material is designed for use as angling weights, the unsaturated and therefore more readily degrad- 

25 able material may be preferred. 

Generally speaking the rigid and/or the elastomeric thermoplastic polymer component species of the matrix 
are selected such that their molecular weight(s) is/are high enough to give the requisite strength of the final 
product, but not too high such that melt viscosity is increased to an extent at which satisfactory extrusion, 
moulding and forming operations are hindered. 

30 In accordance with the invention the polymer matrix comprising the above defined rigid and elastomeric 
thermoplastic polymer components has dispersed therein, preferably evenly dispersed therein, particles of a 
high specific gravity material, which is the component of the composition which is primarily responsible for rais- 
ing its density to the required value comparable to that of lead, or whatever density is required of the particular 
application for which the material is designed. 

35 In order not to compromise the advantageous non-toxicity and environmental friendliness of the compo- 

sition of the invention, it is generally important that the high density weight material dispersed in the polymer 
matrix is itself non-toxic and is present in not too high a proportion, which therefore means that the material 
must itself have a relatively very high density. The relatively low percentage content of the weight material is 
also important for not compromising the advantageous physical properties of the polymer matrix, which give 

40 the composition of the invention its desirable balanced range of physical properties. 

The high specific gravity weight material is present in the composition of the invention in particulate form 
and may be added to the polymer matrix during manufacture in the form of a powder or grains thereof. Small 
particles are preferred, for example having sizes in the range from about 1 to about 100 microns, preferably 
up to about 20 microns, more preferably up to 10 about microns, especially up to about 5 microns. 

45 Within the above preferred criteria, therefore, any particulate high specific gravity material may be used 
as this component of the composition of the invention. One particularly preferred example of such a material 
which has been found to be useful in the invention is tungsten powder, which is non-toxic and itself has a very 
high specif ic gravity. 

Other possible examples of high specific gravity material for use as this component in the invention include 
50 for example other high density metals, ceramic materials and naturally occurring high density substances such 
as certain mineral substances. 

The relative proportions of the major components of the compositions of this invention may vary within 
certain preferred ranges, depending upon the physical properties of the individual material employed and the 
overall balance of properties required of the composition. 
55 Generally speaking the particulate high density weight material will be present in an amount only sufficient 
for raising the density of the composition to the required value, and no more than this. A density of the final 
composition of at least about 4 or 5 g/cm 3 , is preferred. More preferably the density of the final composition is 
in the range of from about 8 to about 12 g/cm 3 . Typically, a density in the region of about 9 to about lOg/cm 3 
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is desirable for use of the composition as gun shot, this value being readily obtainable with the preferred par- 
ticulate high density materials mentioned above and having been found to give a final composition having at 
least as good a balance of desirable physical and ballistic properties as conventional high density materials. 
The amount of powdered tungsten (or other high density weight material) to be added to the basic polymer 

5 matrix to achieve this value is a simple matter of calculation or trial and error. Typically, however, the high den- 
sity weight material may be present in the final composition in an amount of from about 5 to about 70% by 
volume of the total composition, preferably from about 10 to about 65% by volume, more preferably from about 
20 to about 60% by volume, the balance being the polymer matrix. 

The composition of the polymer matrix, however, is more critical in terms of the balance of physical prop- 

10 erties of the individual components, as in order to achieve optimum softness, resilience, hardness, strength, 
plastic yield and film strength etc., it is generally important that the content of the softer, elastomeric thermo- 
plastic polymer component is not too high or too low compared with the content of the harder, rigid thermoplastic 
polymer component. 

The polymer matrix of the composition of the invention preferably comprises the rigid thermoplastic poly- 
15 mer component in an amount within the range from about 5 to about 80% by volume of the polymer matrix, 
more preferably from about 1 0 to about 60% by volume, and the elastomeric thermoplastic polymer component 
in an amount within the range from about 1 0 to about 90% by volume, more preferably from about 30 to about 
80% by volume. Even more preferably, the rigid thermoplastic polymer component is present in the matrix in 
an amount within the range from about 20 to about 50% by volume of the matrix, and the elastomeric thenmo- 
20 plastic polymer component is present in an amount within the range from about 40 to about 70% by volume 
of the matrix. 

Preferably the high density composition of the invention has a hardness value, as measured according to 
the Shore D scale, in the range of from about 55 to about 85. A hardness of less than about 55 Shore D gives 
a product which is generally too soft for applications such as shot or bullets for firearms, where the projectile 

25 would tend to distort too much upon impact and thereby absorb much of its own shock-causing energy. A hard- 
ness of above about 85 Shore D gives a product which is generally too hard, causing projectiles made therefrom 
to penetrate and damage targets such as game, rather than to slightly flatten and cause a shock wave upon 
impact. Too hard a material may also have too high brittleness and may furthermore be likely to cause damage 
to the interior of gun and rifle barrels. 

30 The composition of the invention may be manufactured by conventional methods well known in polymer 
technology, as are well known to the person skilled in the art and well described in the literature. For example, 
the rigid thermoplastic polymer and elastomeric thermoplastic polymer components are heated to above their 
melting temperature and one of these components added to the other with mixing in a standard type of mixer 
until a completely homogeneous matrix is formed, optionally with further heating if necessary. Once the matrix 

35 is fully mixed and while the mixture is still in its molten or at least soft state, the particulate high specific gravity 
weight material is added, with further stirring or mixing in order to evenly disperse the particles in the matrix. 
Stirring or other form of mixing may be continued until complete dispersion is achieved, following which the 
composition may be cooled and passed to the next processing stage, which is preferably the formation of dis- 
crete bodies of the composition by moulding. 

40 In practical embodiments of the invention, the composition may further include a release agent and/or 
processing aid, in order to aid removal of end-produced item(s) formed from the composition by moulding from 
the moulding apparatus. Suitable release agents/processing sids are well known in the art and include for ex- 
ample silicone-based and/or oil-based products such as SUPER S aerosol release agent ex Marbo and 
STRUCTOL WS180 (trade mark) ex Schill and Seilacher GmbH & Co. (The latter product is a long chain fatty 

45 acid/si I icone internal release agent and processing aid). 

The release agent/processing aid may preferably be included in the composition as an integral internal 
component or alternatively may be applied externally, e.g. by pressing or rolling or by coating or spraying, to 
the surface(s) of the moulding apparatus and/or the composition to be moulded, prior to the moulding operation 
commencing. 

50 in one preferred form of the moulding operation by which discrete bodies of the composition are formed, 
preferably while the composition is still soft and not fully hardened, a strip or web of the composition is formed 
by means of for example a hot calendering or extrusion process. The strip or web of composition is then sub- 
jected to a pressing operation in which small, spherical or near-spherical bodies of the high density composition 
are produced, so that the product resembles and is suitable for use as a replacement for conventional lead 

55 shot such as is used in cartridges for fire-arms or (generally in split form) as angling weights. 

In a preferred form of this pressing operation the strip or web of composition is passed between two contra- 
rotating rollers, each (or possibly just one) of which has formed in its surface a plurality of recesses, e.g. hem- 
ispherical recesses, whereby when passed between the rollers in a soft state, the strip of composition is press- 
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ed to assume the surface profile of the roller surface(s). Most preferably, the recesses are in the surfaces of 
both rollers and are in register with each other, so that a spherical or near-spherical body is produced between 
them when the strip is pressed therebetween. Desirably, the surface of both rollers between the recesses 
formed therein are spaced apart a small distance from each other, e.g. by a distance of between about 0.05 
5 and 0.5mm, preferably in the region of about 0.08 to 0.2mm, so that after the pressing operation the strip re- 
mains as a united web, with the individually formed bodies of composition joined together by thin, remnant por- 
tions of the web which can be subseguently removed. 

In the above process, the rollers are contra-rotating rollers, one or (preferably) both of which are driven 
by a motor, as is conventional in the art. The strip or web which is fed into the nip between the rollers is pre- 
10 ferably heated to between 1 00 and 250°C, so that the composition is sufficiently soft, but not too soft, so that 
it is readily formed to the required shape, yet retains that shape upon exiting from the rollers and subsequently 
cooling. The separation of the rollers and the thickness of the sheet or web are preferably maintained so as to 
yield a film, within which are disposed the mouldings, of such thickness that its strength is sufficient for it to 
be drawn from the rollers substantially intact. The temperature of the rollers may be maintained at a level low 
is enough to "freeze-in" the shape of the newly profiled sheet or web, but not too low to cause brittleness and 
premature fracture. Typically, the roller temperature is between ambient and 200°C, and need not necessarily 
be the same for both of the rollers. The strip or web may follow a sector of one of the rollers in order that it 
may have more time to thermally equilibrate. 

Once formed as described above, the sheet of formed mouldings of the composition of the invention may 
20 be separated from the interconnecting thin skin by a subsequent mechanical agitation process such as tum- 
bling or grinding, which is preferably done at a temperature low enough to render the thin sheet friable, for ex- 
ample at ambient temperatures. Further tumbling or grinding may be performed in order to remove burrs and 
to effect Smoothing/polishing. If desired, this subsequent tumbling operation may be conducted at elevated 
temperatures, preferably between 1 00°C and 200°C, so that any particles of flash still connected to the moutd- 
25 ings may be substantially rolled back into the spherical or near spherical bodies, the surfaces of the mouldings 
thereby becoming smoothed and/or polished. 

In the interests of economy, any detached particles of burr or flash material may be remixed into subse- 
quent batches of composition during manufacture. 

As a final processing step, the individual pellets can be screened, sorted and packed in readiness for sub- 
30 sequent use. In the case of weights for angling, the pellets may be subjected to a partial splitting operation 
as is conventional in the context of lead fishing weights. 

In an alternative moulding process, the composition of the invention may be formed into discrete bodies 
directly by means of conventional moulding apparatus and moulding techniques, particularly injection or com- 
pression moulding, examples of which are well known in the art and widely used commercially. Such can be 
35 used to form discrete bodies of the high density composition of the invention of any desired size and shape 
and similar post-moulding and/or finishing steps as described above are applicable here also. 

The invention is further illustrated by the following Examples, which are not to be construed as limiting 
the scope of the present invention in any way. 

40 Example 1 

A high specific gravity composition according to the invention was prepared according to the preferred 
method described herein, with the following composition: 

45 

INGREDIENT PARTS BY WEIGHT 

Tungsten powder (£5 micron) 1800 

so Polypropylene HE 7100 a > 342 

Kraton G 1652 514 

Structol WS 180 8.4 

55 (1) ex Shell 



The above composition corresponds to a polypropylene: Kraton volume ratio of 40:60. 
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The composition had a specific gravity of 9.5 and a Shore D hardness value of 65, corresponding to a 
flexural modulus of about 400 MPa. 



Example 2 

5 

Another high specific gravity composition according to the invention was prepared according to the pre- 
ferred method described herein, with the following composition: 



INGREDIENT 


PARTS BY WEIGHT 


Tungsten powder (^5 micron) 


1800 


Polypropylene HE7100 


428 


Kraton G 1652 


428 


Structol ws 180 


8.4 



The above composition corresponds to a polypropylene: Kraton volume ratio of 50:50. 
The composition had a specific gravity of 9.52 and a Shore D hardness value of 75, corresponding to a 
20 flexural modulus of about 550 MPa. 

Example 3 

Gunshot was made using the composition of Example 1 above, according to the preferred method descri- 
25 bed herein. The shot produced was of No. 7V2 size. The shot was assembled into 12-bore cartridges at the 
standard 1 ounce loading. Cartridges were then used to test the ballistics of the new shot material upon firing 
from a standard 12-bore shotgun. 

Initial ballistics tests for 28 gms of the No. 7V2 shot gave a muzzle velocity of 407 m/sec, a barrel time of 
3180 microseconds and a barrel pressure of 509 bar. Target spread patterns and wood penetration at 25 and 
30 30 metres were identical to those obtained with cartridges of standard lead shot Rabbit, pigeon and pheasant 
were shot cleanly yet without any gratuitous carcass damage. 

At a trial conducted at the Chatcombe Shooting Ground, Cheltenham, local, national and world champion 
clay pigeon marksmen were unable to detect any difference in ballistics performance between lead and the 
new shot material. If anything, the tungsten based shot gave a smoother recoil. 
35 Further tests done with factory loads showed pattern densities of 74% (40 yards/30" diam. circle), at ve- 

locities up to 405 m/sec, this being identical to the behaviour of lead shot. High velocity cartridges were made 
up and again behaviour was identical to the lead equivalents. For velocities of around 420 m/sec it is to be 
expected that a No. 7 shot size tightens spread patterns. 

40 Example 4 (Evaluation of bullets) 

Tooling to produce .357 inch and 5.56mm bullets was made and from the composition of Example 2 above 
quantities of each type of bullet were compression moulded at 200°C and cooled to 60°C prior to removal from 
the mould. As well as some in the 75 Shore material, some bullets were also made in 65 Shore material (from 

45 Example 1). A first pistol firing was done with 75 Shore, 7.78 gm, .357 inch bullets with a small 7 gram charge. 
This cautious approach was made in case the bullet swelled and jammed in the breech when initially impacted 
by the igniting charge. In fact both the 75 Shore and 65 Shore bullets were safely discharged at up to 500 m/sec 
muzzle velocity with a 14 gram charge. The bullets did not keyhole, but hit the bull consistently, remaining co- 
hesive on impact with Kevlar based bullet-proof material. 

so 5.56mm NATO rounds weighing 3.59 grams were made up in 75 Shore material (Example 2) with various 
amounts of propellant, to give muzzle velocities ranging from 776 to 1002 m/sec. Above 900 m/sec the material 
gave indications of instability, one round breaking up before hitting the target alloy sheet and another keyholing. 
However, at velocities up to 900 m/sec, the bullets flew straight and true. 

A remarkable feature of the new bullet material is that at 882 and 1001 m/sec the bullets imparted all their 

55 kinetic energy to flesh simulating clay targets, causing them to physically explode, the process being more 
efficient in the case of the 882 m/sec experiment. The clay was originally formed into 125mm diameterx 125mm 
cylinders and the bullets were aimed at them axially. A 22 swg aluminium sheet 1 00 mm down range was dented 
but not holed. The 1001 m/sec firing disintegrated the clay but gave its residue sufficient forward momentum 
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to make an approximately 1 00 mm diameter burst in the aluminium. Both bullets completely disintegrated and 
the widely dispersed fragments of the day target were observed to be universally contaminated with grey tung- 
sten powder. 

Whilst not intending to be limited by theory, the mechanism of this behaviour is believed to be as follows. 

5 The energy released on impact and during penetration was sufficient to melt the polymer matrix binder and 
release the 95% by mass of tungsten powder in a starburst which destroyed the target, particles of which were 
scattered evenly around the walls, floor and ceiling of the target room. By comparison, a standard NATO round 
merely pierced a rough 30-40 mm diameter hole through the clay target and continued on its way through the 
aluminium sheet. The use of this new bullet material at around 850 m/sec could thus be of interest in security 

10 operations within fragile environments (e.g. aircraft), provided, of course, that the bullet first it its intended tar- 
get 

High velocity 5.56mm 75 Shore rounds, when compared with standard 5.56mm NATO copper sheathed 
lead bullets, were observed to give a remarkably high penetration of GRP blocks used to evaluate likely per- 
formance against bullet-proof clothing. 

15 It was interesting to observe that in the case of .357 inch rounds, a circle of aluminium was punched out 
of the 22 swg target and then compressed to a thin disc as the bullet travelled with it until mutual compaction 
against the Kevlar fabric. The residual cylindrical shanks of the bullets had even parallel axial marks corre- 
sponding to the barrel rifling, giving a good indication that spin had been imparted to the bullet. The fact that 
the novel bullet material is resilient offers the possibility that made up rounds may not require grease bands. 

20 Their cohesive deformability and low modulus compared to that of solid metals is anticipated to reduce the 
energy of any ricochet. Overall, bullets made from this material would seem ideal for use in target practice. 

Example 5 

25 The following describes in detail exemplary manufacturing methods for producing shot and bullets of the 
novel high specific gravity material of the invention. 

Compounding 

30 Mixing trials were carried out on an APV-Baker MP2030 twin screw extruder fitted with a vacuum vent 
and a "Ktron" twin screw feed hopper. The barrel was electrically heated and water spray cooled as standard. 
Barrel temperatures ranged from 1 85°C at the hopper to 21 0°C at the Smm diameter twin "bootlace" die. The 
extrudate was cooled and fed into an Accrapak pelletiser. Extrusion rates of 15 litres/hour were achieved with 
a specific energy input of 0.25 kW.hrs/litre at 80% of maximum rotor torque. For production it would be better 

35 to have an air cooled stainless steel take-off conveyor to avoid risk of water absorption. 

Comparative trials were done with a 50mm single screw Bone-Craven extruder fitted with a RAPRA six- 
row Transfer Cavity mixing head. Again, barrel temperatures were set to 185°C and 210°C at the die. At 60 
rpm output was 7.5 litres/hr. At 100 rpm output rose to 23 litres/hr with a specif ic energy input of 0.3 kW/hrs/litre. 
It proved impossible to control the temperature of the extrudate which rose to over 265°C and degraded. This 

40 was no doubt due to the less efficient fan cooling of the barrel and the high frictionai energy input from the 
Transfer Cavity head. In view of these shortcomings it was thought better to take advantage of the more ex- 
pensive but much higher technology adiabatic twin screw mixing principle. The powdered components are ac- 
curately weighed out and tumble mixed. The blend is then placed in the hopper, extruded, pelletised and stored 
in paper sacks for subsequent use. 

45 

Injection Moulding 

For the manufacture of bullets the pellets are fed directly into the hopper of a horizontal injection moulding 
machine fitted with tooling incorporating hot runners. During successful injection moulding trials, barrel tem- 

50 peratures were set at 220°C at the hopper, 210°C at the centre, 210°C at the nozzle with the mould kept at 
80°C. There were no problems with ejection of either product or sprue. In this particular case, the products 
were rings 53 mm o.d. x 47mm i.d. x 7 mm wide weighing 26.7 gms. Mould shrinkage was 1%. In view of the 
fast cycling possible with this highly thermally conductive material, high torque screws and high capacity/high 
pressure hydraulics are a necessary feature of the machine. In multicavity production tooling, 3.6 gm 5.56mm 

55 bullets are anticipated to cycle in under 10 seconds and 7.7 gm .357 inch bullets in under 15 seconds. 
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Recycling 

Recycling may be a critical consideration for the economics of using this material in enclosed shooting 
ranges. The tungsten based material is first separated from metallic contaminants such as spent lead bullets 
5 by, for example utilising the different electrical properties of each material. The mixture is first sieved to remove 
fines and foreign bodies and then streamed from a hopper down an inclined plane through an induced magnetic 
field which alters in intensity when a metallic impurity is intercepted. A servo mechanism then diverts the im- 
purity from the main stream. 

The new material is very stable and after separation and blending with virgin material, it can be recycled 
10 many times, perhaps with the source firing range being reimbursed for some of the raw material value of the 
returns. 

Shot manufacture 

15 No. 7V2 gauge spherical shot was manufactured in a 2,500 cavity mould be compressing a thin sheet of 
compound at 200°C and then cooling it under pressure to 60°C before removal. The manufacturing principle 
involves the extrusion of a hot thin rectangular section strip of thermoplastic compound into the nip of cooler 
adjacent rollers contra-rotating strictly in phase. These rollers will have corresponding hemispherical cavities 
machines into their peripheral surfaces. Speeds and temperatures are accurately controlled to enable a stable 

20 continuous strip of formed interconnected ball mouldings to be produced. After cooling to ambient, the sheet 
is tumbled and ground to separate the individual spheres. 

Early shooting trials have shown that the equatorial flash needs to be completely removed to ensure tight 
target patterns. Accordingly, newly separated shot is tumbled in a metal drum induction heated to about 180°C. 
At this temperature the flash softens and is rolled back into the main body. The rolling action also maximises 

25 the sphericity and smooth finish of each ball. 

It is to be understood that the present invention, and preferred embodiments of the various aspects thereof, 
have been described above by way of example only and should not be construed as limiting the scope of the 
present invention as claimed. Many variations and modifications from what has been specifically described 
are possible within the scope of the claimed invention, as will be readily appreciated by persons skilled in the 

30 art. 



Claims 

35 1 . A composition comprising: 

(i) a polymer matrix comprising 

(a) at least one rigid thermoplastic polymer component, and 

(b) at least one elastomeric thermoplastic polymer component; and 

(ii) dispersed in the polymer matrix particles of a high specific gravity weight material having a density 
40 and present in an amount such that the composition has a specific gravity of greater than one. 

2. A composition according to claim 1, which has a specific gravity in the range 8 to 12. 

3. A composition according to claim 1 or claim 2, wherein the at least one rigid thermoplastic polymer com- 
45 ponent is selected from polypropylene, polystyrene, polyethylene, polyvinyl chloride, acrylonitrile-buta- 

diene-styrene copolymer and mixtures and copolymers thereof. 

4. A composition according to any one of claims 1 to 3, wherein the at least one rigid thermoplastic polymer 
component has a melting temperature of less than 250°C. 

50 5. A composition according to any preceding claim, wherein the at least one elastomeric thermoplastic poly- 
mer component is selected from block copolymers having at least one amorphous elastomeric unit com- 
ponent. 

6. A composition according to claim 5, wherein the block copolymer is a block copolymer of polystyrene with 
55 any of the following: ethylene/butyiene copolymer, butadiene, isoprene, or mixtures thereof. 

7. A composition according to any preceding claim, wherein the particulate high specific gravity material dis- 
persed in the polymer matrix is tungsten powder. 
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8. A composition according to any preceding claim, wherein the polymer matrix comprises the rigid thermo- 
plastic polymer component in an amount of from 5 to 80% by volume of the matrix and the elastomeric 
thermoplastic component in an amount of from 10 to 90% by volume of the matrix. 

< 

9. A composition according to any preceding claim, wherein the high specific gravity weight material is pres- 
ent in the composition in an amount of from 5 to 70% by volume thereof. 



10. A composition according to any preceding claim, which has a hardness value in the range 55 to 85 Shore 
D. 

11. Ammunition for a firearm, or an angling weight, formed of or comprising a composition according to any 
preceding claim. 

12. Use of a composition according to any preceding claim as a high density material for firearm ammunition 
or angling weights. 



13. A method of making a composition having a specific gravity of greater than one, the method comprising: 

(a) preparing a polymer matrix comprising 

(i) at least one rigid thermoplastic polymer component, and 

(ii) at least one elastomeric thermoplastic polymer component; and 

20 (b) dispersing in the polymer matrix particles of a high specific gravity weight material having a density 

and in an amount such that the composition has the said specific gravity of greater than one. 

14. A process according to claim 13, further including the steps of. 

(c) forming a sheet or web of the thus prepared composition; 
25 (d) passing the sheet or web between a pair of contra-rotating rollers, the surface of at least one of 

which has a plurality of recesses formed therein, whereby the sheet of composition conforms to the 
surface profile of said at least one roller and 

(e) separating from the strip the thus formed plurality of bodies of composition conformed to the shape 
of said recesses in said at least one roller. 



15. A process according to claim 13, further including the steps of: 

(f) feeding an amount of the thus prepared composition to a moulding apparatus; and 

(g) forming discrete bodies of said composition by moulding. 
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